INTRODUCTION
Quasi-static mechanical properties of elastomers (rubbers) differ strongly from that of other solids. They can bear without failure a large, several hundred percents, reversible deformation, their Poisson's ratio is close to 0.5, i.e. the shear strength of rubber is very low. Elastomers are used as a load-bearing capacity in different structures, which, in particular, should work in a shock environment. However, the information about the shock response of elastomers is poor. At moderate shock pressures only elastomer-based composites was studied to characterize the shock response of solid propellants [I] . The major of the data available was obtained in the experiments with strong shocks when the pressure pulse amplitude in the rubber sample was, at least, about 2 GPa, e.g. [2] and [3] . At this pressure no distinction between the shock response of rubber and other solids was found [2] . This agrees with the results of the study of the rubber under static compression [4] ; at pressure 2 GPa the rubber should be in the "glassy" state characterized by high shear strength.
The purpose of the present work is to study the shock response of elastomeric material at the impact oflow and moderate strength when the difference in the behavior of the elastomer and "normal" solid was proposed to be distinct.
EXPERIMENTAL
The rubber-like elastomer polyurethane (PU) was studied in symmetrical (PU-PU) plane impact experiments with impact of different strengthes. The polyurethane sheets of 5.2-mm thickness (in several experiments the samples and the impactors were made of the 2.2-mm sheet) were received from Alexandrovich Plastics Company, Tel-Aviv. The density of the polyurethane was 1200 kg/m3, the sound velocity measured at the frequency 5MHz was Co = 1800 m/sec. The stress-strain diagrams of PU were obtained at tension rates 3.7 and 1l.lO-4sec-~; the Young modulus.of the studied polyurethane was found E: = 4 m . 5 MPa. The samples and the impactors, the discs of about 25-mm diameter, were machined from the sheets. 
RESULTS AND DISCUSSION
Several free surface velocity profiles of polyurethane samples are shown in Fig.3 . As is seen from Fig. 1 . within the time interval t2 (see Fig. 2 ) the arrival of some unloading wave followed by the reloading one takes place. The appearance of these features should be related to the high sound velocity in a sliockcompressed rubber-like material. Assuming that the VISAR incident beam is focused in the center of 1 1 1~ sample free surface, the longitudinal sound velocity Cl may be estimated. To appear at the free surface ill? head characteristic of the unloading wave should pass the distance about 13 rnrn from the intersection of'tlle sample front plane with its lateral surface. The result of Crestimation based on the time interval betwccrl llle impactor-sample collision and the instant of the appearance of the unloading feature at the free surfuce velocity profile is shown in Fig. 4 . A striking result of the shock velocity D measurements presented in Fig. 4 is the fact that for the impact velocities less than 100 mlsec, the apparent shock velocity appears io be less than the longitudinal velocity C, obtained in ultrasonic measurements. Clearly, the discontini~lt!' resulted from the impact never can propagate with the velocity D less than Co since Co is the rnaxi~llal characteristic velocity corresponding to the unperturbed material. It seems to be reasonable to assumc tll;ll low impact velocities the propagation of the initial discontinuity is accompanied by its strong decay relati'd. to the relaxation of the impact-generated shear stress. The decay increases with the increase of ~1 1~ frequency of the signal, i.e. the high-frequency components of the step-like signal cannot arrivc ar tile sample free surface. The value of the free surface velocity corresponding to the discontinuitY-gener~1~~d signal is too small to be detected by VISAR. A confirmation of this statement may be found in experimental observation of the shock front evolution during its propagation through the polyureih;l~l~ sxnplc\ o f different thicknesses. The risetimes of the velocity fronts estimated from the initial slope of the profiles and the velocity amplitudes are: 0.72 psec for 2.2-mm sample and 0.37 psec for 5.2 rnm sample. Similar behavior, the steepening of the compression wave front propagating in polymeric material, was found in polymethylmethacrylate sample loaded by non-step incremental pressure pulses [6] . Extrapolation of the indicated risetimes to the zero sample thickness allows to estimate, in the case of weak impact, the lower value, z = 0.98 psec = sec, of the risetime of the velocity front whose propagation through the polyurethane sample is still possible. It is interesting that the velocity front comparatively smeared during its motion through the unperturbed sample propagates in the sample with the velocity higher than 1800 mlsec. The latter is apparent from the density dependence of the reloading wave velocity C in the polyurethane shown in Fig. 4 . Assuming that the impact-induced shear stress relaxed completely during the smearing of the pulse one may consider the velocity C as an estimation of the bulk sound velocity Cb in the compressed material. The Poisson's ratio v of the shock-compressed polyurethane may be calculated from the relation The value v = 0.5 was accepted for Poissson's ratio of uncompressed polyurethane. The Poisson's ratio of polyurethane decreases with the increase of the shock compression degree and achieves, under 7 -8%-compression, the value v = 0.39, which is close to that for normal solids. This behavior of the Poisson's ratio agrees with that was found for rubber under shock compression [7] and with the results of static compression experiments [4] with rubber and other elastomers, in particular, the polyurethane, [8] . For these materials the transition from the rubber-like to the glassy state was found at room temperature at the Pressure range 0.4 -0.6 GPa.
At present it is hard to givc a quantitative description of all nla\le phcno~nena displayed in thc polyurethane sarnplc and resulted h o~n Lhc \,elocity discontinuity hrought lo its hont surfi~ce. Some scenario impact velocity, rnlsec 1200 1220 1240 1260 1280 1300 density, kg/m3 of the process may be, however, suggested: It is clear that the appearance of the velocity jump at the sa~iiple surface should result in the development of the jump of the particle velocity, propagating through rhc. sample towards its free surface. This velocity jump consists of the immediate (elastic) part, propagating (at low impact pressure) through the material with the high-frequency sound velocity C o , and retardcd (inelastic) part, propagating with the velocity lower than C,. The retarded part is not appear to be a discontinuity because of finite time needed to form this inelastic response. Free surface velocity profile5 time, p sec time, p sec shown in Fig. 6a may be usef'ul for illustr~~tion o f this statement. The free surfacc velocity profilc~ ~1 1 poly~~retliane and aluminum alloy 6061 -T6 were obtaincd in almost the same conditions: the syrnme~s~i~;~' impact with velocity 100 and 104 rnlsec, PU and Al, respectively. The impactor-to-sample thickness ratio was 5-to-5 mm in the case of PU and 2-to-6 mm in the case of aluminum. The discontinuity-like elastic response of aluminum (Hugoniot Elastic Limit is of about 60 mlsec) differs strongly from that of polyurethane .
It can be shown that in a linear viscoelastic solid the characteristic time of the discontinuity decay is of order of the shear stress relaxation time h corresponding to the high frequency range. For the rubber-like materials h is less than 100 nsec [9] . That is at least several times shorter than the traveling time of a wave through the sample. Due to the strong exponential decay the discontinuity front could not be observed in the present experiments. As a result, the measured values of the apparent wave velocity D were found to be smaller than C, for low-impact velocities, for which the estimated values of the risetime of the free surface velocity are sufficiently larger than the relaxation time. Unlike the discontinuity front the part of the recorded signal associated with the retarded elasticity of the polyurethane arrives at the free surface with relatively weak decay. Such a behavior is provided by the decrease of the damping rate with the increase of the risetime of a signal propagating in a viscoelastic solid. This results also in true values of the measured velocities of the reloading and unloading waves. At strong impact the apparent shock velocity appears to beclose to its true value. As follows from the analysis given in [lo] diminishing the risetime of the wave profile behind the discontinuity propagating in a viscoelastic material with instant elasticity decelerates the decay of the discontinuity and even may result in its growth. This is not the case of the present experiment: Despite of the fact that the free surface velocity risetime at strong impact actueves the values of order of 10-8 sec, no sign of a discontinuity is seen in the velocity profiles. It is clear from Fig. 6b where the velocity risetime is 20 nsec for the impact velocity 400-rnlsec.
